Abstract. Gliomas are the most common type of malignant brain tumor. Studies have identified that miR-15b is negatively correlated with cripto-1 expression in glioma cells, and these molecules serve an important role in cancer development and progression. The current study was undertaken to further examine the association between these two molecules. Fluorescent quantitative PCR confirmed that miR-15b expression was significantly downregulated in glioma tissue while cripto-1 expression was significantly increased. Subsequent to transfection with miR-15b mimics, cripto-1 expression was significantly suppressed, and dual luciferase reporter assays further demonstrated that miR-15b regulates cripto-1 in a targeted manner. Furthermore, miR-15b inhibited proliferation and invasion, and promoted apoptosis of glioma cells while downregulating the expression of MMP-2 and MMP-9. In contrast, cripto-1 expression had the opposite effects. Co-transfection with miR-15b mimics and the cripto-1 overexpression vector overcame the inhibitory action of miR-15b on cripto-1. Therefore, it is suggested that miR-15b modulates cell growth and invasion through targeted regulation of cripto-1 expression in glioma cells. This observation may provide novel targets for the prevention and treatment of gliomas.
Introduction
Gliomas are the most common type of malignancy in the brain, accounting for approximately 45-60% of brain tumors, and are characterized by high incidence, recurrence and mortality rates and a low curative rate (1) . This neoplasm is a life-threatening disease of the nervous system. Therefore, it is of clinical importance to explore the underlying mechanisms, which may lead to the discovery of novel treatment modalities.
Cripto-1, otherwise known as teratocarcinoma-derived growth factor-1, is a member of the epidermal growth factor-cripto-1-FRL-1-cryptic protein family (2) . Previous studies have demonstrated that cripto-1 is overexpressed in numerous types of cancer, however is under-expressed or absent in normal tissues (3) (4) (5) . This fact suggests that an increase in the expression of cripto-1 may be an early event in the development of the associated types of cancer. An in vitro study demonstrated that overexpression of cripto-1 accelerated the growth of human breast cancer cells and promoted anti-apoptotic, -migratory and -invasive capabilities (6) . An in-vivo study demonstrated that the growth of human nasopharyngeal carcinoma CNE-2 cells was significantly inhibited in cripto-1 knockout mice compared with the control group (7) . Previous studies have demonstrated elevated cripto-1 expression in gliomas (8, 9) . Pilgaard et al (8) suggested that cripto-1 may be a prognostic biomarker for glioblastoma multiforme (GBM) with the potential of being a therapeutic target. Tysnes et al (9) observed that the majority of samples of patients with glioblastoma demonstrated significant levels of cripto-1, as it was detected by immunohistochemistry. Thus, numerous studies have demonstrated that cripto-1 may be a novel tumor-specific marker, and its value in early diagnosis of tumors, targeted treatment, drug resistance mechanisms and prognosis is of interest (3) (4) (5) (6) (7) (8) (9) . However, further research is required to unravel the specific mechanisms of cripto-1 in gliomas.
MicroRNAs (miRNAs) are a class of short, endogenous non-coding RNAs that function as post-transcriptional regulators (10) . The miR-15 family is involved in the regulation of cellular functions, including apoptosis, cell cycle, differentiation and stress, and it is associated with a variety of human diseases, including cancer, cardiovascular and neurodegenerative diseases (11) (12) (13) . The miR-15 family offers potential therapeutic targets. By miRNA expression profiling analysis, Xia et al (14) demonstrated that the expression of miR-15b/16 was downregulated in a multi-drug-resistant gastric cancer cell line, SGC7901/VCR, compared with its non-resistant parent cell line, SGC7901, and that overexpression of miR-15b and miR-16 in the SGC7901/VCR cells enhanced the sensitivity of the cells to anticancer drugs, making them more susceptible to apoptosis. A previous study demonstrated that a lower expression level of miR-15b was associated with a shorter overall survival time, suggesting that miR-15b may be an intrinsic factor that serves an important role in the malignant progression of gliomas (15) . Prediction analysis indicated that miR-15b has binding sites on cripto-1. It is hence possible that miR-15b may suppress cancer by regulating cripto-1, thus cellular experiments were performed in the current study to test the above prediction.
MicroRNA-15b suppresses the growth and invasion of glioma cells through targeted inhibition of cripto-1 expression

Materials and methods
Clinical data and cell culture. A total of 30 glioma tissues, and matched adjacent noncancerous tissues, were harvested from patients at the Fourth Affiliated Hospital of Nantong University (Yancheng, China). All included cases were newly diagnosed, which were screened and verified by an experienced pathologist following surgical resection. Samples were harvested and analyzed with prior written informed consent from the patients between 2011 and 2014. The present study was approved by the Ethics Committee of the Fourth Affiliated Hospital of Nantong University, First Hospital of Yancheng. Human GBM8401 and GBM glioma cells (China Center for Type Culture Collection, Wuhan, China) and HEK293T cells (ATCC, Manassas, VA, USA) were cultured in Gibco Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% heat-inactivated fetal calf serum (Thermo Fisher Scientific, Inc.). The cells were maintained at 37˚C in an atmosphere of humidified air with 5% CO 2 in a cell culture incubator.
Over-expression vector construction and transfection.
Total RNA of GBM8401 cells was extracted using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.). Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was used to amplify the cripto-1 coding region. It was then cloned into pcDNA3.1, using the Kpn I and EcoR I (Takara Biotechnology Co., Ltd., Dalian, China) restriction enzymes, sequenced and verified. The gene amplification primers are presented in Table I . The human miRNA (Hsa)-miR-15b and negative controls mimics were synthesized by Shanghai GenePharma Co., Ltd (Shanghai, China). GBM8401 cells were seeded into a 6-well plate (1x10 5 cells/ml) and incubated for 24 h, and plasmid and miRNA transfection was conducted using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), upon 70% confluency according to the manufacturer's instructions. The concentrations of the transfection plasmid and miRNA were 2 µg/ml and 50 nM/well, and the DMEM medium was changed within 4-6 h subsequent to transfection. After 48 h, the transfected cells were analyzed by RT-qPCR and western blotting.
Quantitative fluorescence PCR. Total RNA was extracted from the GBM8401 cells using TRIzol. For the detection of mature miRNA, a stem-loop RT-qPCR assay was conducted. Briefly, 1 µg RNA and 1 µl specific stem-loop RT primers (10 µM) were incubated at 85˚C for 5 min, then held at 4˚C. A mixture of 4 µl 5X buffer, 2 µl dNTPs (10 mM), 0.5 µl RNase inhibitor and 0.5 µl Moloney murine leukemia virus (Promega Corporation, Madison, WI, USA) was added and incubated for 30 min at 16˚C, 30 min at 42˚C, 5 min at 85˚C and then maintained at 4˚C. qPCR was performed using 10 µl 2X SYBR Green qPCR SuperMix (Invitrogen; Thermo Fisher Scientific, Inc.), with 5 µl cDNA, 0.5 µl forward primer, 0.5 µl reverse primer and 4 µl RNase-free ddH 2 O contained in 20 µl reaction mixture. The reaction was performed with one cycle of 95˚C for 5 min and 40 cycles of 95˚C for 15 sec, 60˚C for 15 sec and 72˚C for 35 sec using the Applied Biosystems 7500 Real-Time PCR system (Thermo Fisher Scientific, Inc.). The U6 small nuclear RNA (U6 snRNA) was utilized as reference of the miRNA examination and the primers of mature miRNA were obtained from Thermo Fisher Scientific, Inc. Furthermore, oligo dT primers were used in reverse transcription. The primers used for the cripto-1 examination are demonstrated in Table I . The reaction was performed at one cycle of 95˚C for 5 min and 40 cycles of 95˚C for 30 sec, 58˚C for 30 sec and 72˚C for 30 sec. Three independent experiments were conducted for each sample. Data were normalized and fold changes were calculated using the 2 -ΔΔCq normalization method (16) .
Western blot analysis. The total cellular proteins were extracted from the GBM8401 cells by lysis buffer (Pierce Biotechnology, Inc., Rockford, IL, USA). The supernatant containing proteins was obtained following shaking at 4˚C for 20 min and centrifugation at 10,000 x g at 4˚C for 10 min. The Bradford protein assay (Pierce Biotechnology, Inc.) was used to determine the protein concentrations. An equal quantity of proteins (20 µg) was loaded onto 8% Tris-glycine sodium dodecyl sulfate-polyacrylimide gel electrophoresis gels (Bio-Rad Laboratories, Inc., Hercules, CA, USA) at 40 V for 5 h and the separated proteins were transferred onto nitrocellulose membranes (Pierce Biotechnology, Inc.). Membranes were then blocked in 5% non-fat milk in Tris-buffered saline with Tween-20 (TBST; Pierce Biotechnology, Inc.) for 1 h at 4˚C. Subsequent to blocking, membranes were incubated with cripto-1 (1:400; NB100-1598; Novus Biologicals, LLC, Littleton, CO, USA), matrix metalloproteinase (MMP)-2 (1:800; 4022), MMP-9 (1:800; 2270) polyclonal rabbit antibodies and glyceraldehyde 3-phosphate dehydrogenase (1:1,000; 3683; all Cell Signaling Technology Inc., Danvers, MA, USA) monoclonal rabbit antibody overnight at 4˚C. Monoclonal anti-rabbit immunoglobulin G antibody conjugated with horseradish peroxidase (7074; Cell Signaling Technology Inc.) at 1:7,000 dilution was added to the membranes and incubated for 1 h at 37˚C. TBST was used for washing the membranes every 10 min, for a total of 30 min. Protein bands were detected using the West Femto system (Pierce Biotechnology, Inc. Dual luciferase assay. The cripto-1 3' untranslated region (UTR) was amplified from cDNA (Table I ) and cloned into the psiCHECK-2 vector (Promega Corporation). The QuikChange II Site-Directed Mutagenesis kit (Stratagene; Agilent Technologies, Inc., Santa Clara, CA, USA) was used to generate the mutant-type cripto-1 3'UTR in which the seven mutated nucleotides were underlined within the seed region of the miR-15b binding site. Reporter vector psiCHECK-2 carrying the 3'UTR sequences of cripto-1 was assayed for luciferase expression using the Dual Glo Luciferase Assay System (Promega Corporation) according to the manufacturer's instructions. The experiment was performed in duplicate in three independent experiments.
Cell proliferation assay. Cell proliferation was detected in 96-well plates using a colorimetric immunoassay, based on the measurement of 5-bromo-2'-deoxyuridine (BrdU) incorporation during the DNA synthesis (BrdU ELISA kit, Roche Diagnostics GmbH, Mannheim, Germany). Subsequent to 48-h transfection, the medium was removed and GBM8401 and GBM cells were incubated with BrdU (10 mM; Roche Diagnostics GmbH) for 3 h at 37˚C. Cells were fixed with 4% paraformaldehyde (Sigma-Aldrich, St. Louis, MO, USA), and incubated with the peroxidase-conjugated sheep anti-BrdU polyclonal antibody (1:1,000; 11647229001; Roche Diagnostics GmbH) for 90 min at room temperature. The peroxidase substrate 3,3' ,5,5'-tetramethylbenzidine (Roche Diagnostics GmbH) was then added to the cells and BrdU incorporation was quantitated by differences in absorbance at wavelength 370-492 nm. Cell proliferation was expressed as the mean percentage of the control values (set at 100%). Transwell matrigel invasion assay. Invasion of cells was assessed with the Transwell matrigel invasion assay (BD Biosciences, San Jose, CA, USA). Briefly, 200 µl of transfected GBM8401 cells (1x10 6 cells/ml) and 600 µl of the complete medium were added to the upper and lower compartments of the chamber, respectively. Subsequent to 48-h incubation, cells migrating to the lower side of the filter were fixed with 4% paraformaldehyde for 15 min at room temperature, washed with PBS, stained with crystal violet (Sigma-Aldrich) and then observed under the CKX41 inverted microscope (Olympus Corporation, Tokyo, Japan).
Statistical analysis.
The experiments were conducted a minimum of 3 times and results are expressed as the mean ± standard deviation. The SPSS statistical package (SPSS software, version 17.0 for Windows; SPSS, Inc. Chicago, IL, USA) was used for statistical analysis. Differences between the control and treated groups were analyzed using non-parametric statistical analysis (Mann-Whitney U test). P<0.01 was considered to indicate a statistically significant difference.
Results
miR-15b downregulates cripto-1 expression in glioma cells.
The expression levels of miR-15b and cripto-1 from the collected clinical samples were examined to investigate the association of miR-15b and cripto-1 in gliomas. The results demonstrated that the mRNA expression levels of miR-15b were downregulated in glioma tissues whereas cripto-1 expression was significantly increased, suggesting a negative correlation between the two molecules ( Fig. 1A and B) . The addition of miR-15b mimics led to significantly reduced cripto-1 expression in glioma cells (Fig. 1C and D) . Although cripto-1 expression was still upregulated compared with the control subsequent to co-transfection with miR-15b mimics and cripto-1 overexpression vector, its level was significantly lower than in cells transfected with the cripto-1 overexpression vector alone ( Fig. 1C and D) , indicating that miR-15b can inhibit cripto-1 expression in glioma cells.
miR-15b regulates cripto-1 in a targeted manner.
Prediction by biological software demonstrated that miR-15b has binding sites on cripto-1 ( Fig. 2A) . The dual luciferase reporter gene assay was performed to test this prediction. The 3' UTR of cripto-1 gene was cloned into psiCHECK-2, a dual luciferase reporter vector, and the target sites of miR-15b were mutated ( Fig. 2A ). The two plasmids were then transfected together with the miR-15b mimics into human embryonic kidney-293T cells and the alterations in the luciferase expression were analyzed. Luciferase expression in the cells transfected with plasmids containing 3' UTR of cripto-1 was significantly reduced by approximately 35% compared with the cells transfected with the empty reporter vector ( Fig. 2B; P<0 .01). Furthermore, no significant alterations were observed in the luciferase expression in the cells transfected with plasmids containing the mutant 3' UTR of cripto-1 ( Fig. 2B; P>0 .05). This demonstrated that miR-15b specifically binds to the 3' UTR of cripto-1 gene, suggesting that cripto-1 is a target gene of miR-15b. Therefore, miR-15b may have an anti-tumor role by regulating cripto-1. As demonstrated in Fig. 3 , the cell proliferation assays with BrdU detection following transfection with the miR-15b mimics indicated that miR-15b significantly inhibited the proliferation of the GBM8401 and GBM cells compared with the control group ( Fig. 3; P<0 .01). Transfection with the cripto-1 overexpression vector resulted in significantly increased cripto-1 expression and enhanced proliferation of the GBM8401 and GBM cells compared with the control group ( Fig. 3; P<0 .01). In addition, cell proliferation was significantly increased in the cells co-transfected with the miR-15b mimics and cripto-1 overexpression vector, compared with the cells transfected with the cripto-1 overexpression vector alone (Fig. 3) . Furthermore, cells transfected with the miR-15b mimics alone had significantly lower proliferation compared with the other three groups (Fig. 3) . The results suggested that miR-15b and cripto-1 have opposite roles in the glioma cell proliferation, and that miR-15b may suppress glioma cell proliferation by regulating the expression of cripto-1.
miR-15b promotes apoptosis of glioma cells through targeted regulation of cripto-1.
Further tests on the cell cycle demonstrated that the proportion of sub-G 1 peak markedly increased in the cells transfected with the miR-15b mimics and the cell cycle was arrested in the G 0 /G 1 phase (Fig. 4) , which further demonstrates that miR-15b promotes apoptosis of glioma cells. Western blot results ( Fig. 1C and D) demonstrated that the degree of apoptosis was negatively correlated with the expression levels of cripto-1. The pro-apoptotic effect of miR-15b was inhibited by sustained cripto-1 expression in the cells co-transfected with miR-15b and cripto-1, compared with the control group. Cripto-1 expression was significantly reduced in the cells transfected with miR-15b mimics alone, which resulted in significantly increased apoptosis. These results demonstrated that miR-15b promoted apoptosis by inhibiting the cripto-1 expression.
miR-15b inhibits migration of glioma cells through targeted regulation of cripto-1.
Glioma cells have invasive and metastatic abilities (17) , and cripto-1 was demonstrated to promote cell invasion and metastasis. Therefore, the effects of the miR-15b on the invasion and metastasis of glioma cells were further investigated. Results from the Transwell assay demonstrated that miR-15b significantly inhibited the invasion of glioma cells and cripto-1 increased the invasiveness of Western blot analysis demonstrated that miR-15b significantly reduced the expression of MMP-2 and -9, and cripto-1 promoted the expression of MMP-2 and -9 ( Fig. 1C and D) . In cells co-transfected with miR-15b and cripto-1, the expression of MMP-2 and -9 remained upregulated, but significantly reduced relative to cells transfected with the cripto-1 overexpression vector alone. These results demonstrated that miR-15b modulates the invasive ability of glioma cells by regulating the expression of cripto-1, subsequently reducing the expression of MMP-2 and -9.
Discussion
The etiology, mechanisms, diagnosis and treatment of gliomas have been previously investigated, however their origin remains undefined and the clinical progress is slow (18, 19) . Therefore, the search for the molecular mechanisms underlying the pathological process of gliomas has emerged as a focus for research, to aid in the diagnosis and treatment of gliomas. Previous in-vivo and in-vitro studies have demonstrated the oncogenic role of human cripto-1 (20, 21) , however, the role of cripto-1 in gliomas is unclear. The present study demonstrated that cripto-1 expression was significantly increased in glioma tissue, which is consistent with the results of Pilgaard et al (8) and Tysnes et al (9) . In addition, the present study demonstrated that cripto-1 promoted the proliferation and inhibited the apoptosis of glioma cells. Strizzi et al (3) demonstrated that inhibition of the cripto-1 expression in colon cancer cells suppressed their growth and tumorigenesis potential in soft agar. In another study, the use of cripto-1 blocking antibody suppressed the cripto-nodal signaling system and inhibited tumor growth by 70% in in-vivo models of testicular and colon cancer (22) . Therefore, cripto-1 has a similar growth-promoting and neoplastic role in gliomas as in other types of cancer.
In the present study, the results of the cell invasion assays demonstrated that cripto-1 promoted the invasion of glioma cells and enhance the expression of MMP-2 and -9. Wu et al (7) demonstrated that the use of lentivirus-mediated small interfering RNA inhibited cripto-1 expression in nasopharyngeal carcinoma cell lines, suppressed cell growth, and significantly reduced the invasion potential of nasopharyngeal carcinoma cell lines. Strizzi et al (23) demonstrated that cripto-1 promoted invasion and metastasis by regulating epithelial-mesenchymal transition in mouse mammary epithelial cells cultured in-vitro and mouse mammary tumor cells grown in-vivo. Normanno et al (6) indicated that MCF-7 breast cancer cells with increased expression of teratocarcinoma-derived growth factor 1 exhibited significantly improved apoptosis resistance, growth and proliferation capabilities, and invasion and migration potential in-vitro. These results are consistent with the observations of the current study, supporting the oncogenic role of cripto-1.
Numerous studies have demonstrated that miRNAs serve an important role in regulating numerous physiological and pathological processes. Abnormally increased onco-miRNA expression and abnormally reduced tumor suppressor miRNA expression are associated with the development and progression of a variety of types of cancer (24, 25) . The present study confirmed that miR-15b was downregulated in glioma tissue, which is consistent with previous observations (15) . In addition, previous studies demonstrated that certain miR-15 family members are downregulated in patients with chronic lymphocytic leukemia, glioma and prostate cancer (11) (12) (13) , suggesting that the miR-15 family represents an important class of tumor suppressors.
The present study demonstrated that the miR-15b expression was negatively correlated with the cripto-1 expression in glioma tissue, suggesting an association between the two molecules. The results of the biological software analysis indicated that miR-15b has binding sites on cripto-1, thus miR-15b may regulate cripto-1 in a targeted manner. miR-15b significantly inhibited cripto-1 expression in glioma cells following transfection with the miR-15b mimics, and dual luciferase reporter assays demonstrated that miR-15b directly targets cripto-1. Additional tests indicated that miR-15b inhibits the proliferation and invasion of glioma cells while promoting apoptosis, by inhibiting the expression of 
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MMP-2 and -9. Co-transfection with miR-15b and cripto-1 overcame the action of miR-15b, however its effect in invasion was significantly attenuated compared with the cells transfected with cripto-1 overexpression vector alone. This further indicated that miR-15b modulates the growth and invasion of glioma cells by regulating cripto-1. A previous study demonstrated that overexpression of miR-15b inhibited proliferation by arresting cell cycle progression and inducing apoptosis, possibly by directly targeting cyclin D1 in glioma cells (26) . Xia et al (27) demonstrated that overexpression of miR-15b resulted in cell cycle arrest at G 0 /G 1 phase, and suppression of miR-15b expression resulted in a reduction of cell populations in G 0 /G 1 and a corresponding increase of cell populations in the S phase. Zheng et al (28) demonstrated that miR-15b and miR-152 reduced glioma cell invasion and angiogenesis via neuropilin 2 and MMP-3. Furthermore, Wu et al (29) demonstrated that downregulation of microRNA-15b by the hepatitis B virus X enhanced hepatocellular carcinoma proliferation via fucosyltransferase 2-induced Globo H expression. These results indicate that miR-15b affects the growth of tumor cells by regulating the expression of a series of genes.
In conclusion, the miR-15b expression is negatively associated with the cripto-1 expression in glioma cells. miR-15b may subsequently impair growth and invasion of glioma cells through targeted regulation of cripto-1. This discovery may provide novel targets for the prevention and treatment of gliomas.
